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Abstract of JP10221448 
PROBLEM TO BE SOLVED: To detect the 
distances to a plurality of targets with high 
resolution in real time by monitoring the 
number of reflected pulses produced in 
response to an emitted pulse and stopping the 
operation of a counting means when a 
prescribed number of reflected pulses is 
received. SOLUTION: When a pulse 128 is 
emitted from a vehicle 140, pulses 132, 134, 
136, and 138 are reflected from vehicles 142, 
144, 146, and 148 and the reflected pulses are 
used for determining the distances to the 
target vehicles 142, 144, 146, and 148 from 
the vehicle 140. Namely, a means which 
determines the time lag between the emitted 
pulse 128 and one of the reflected pulses 132, 
134, 136, and 138 is provided. The 
determining means is composed of a clock 
generator which generates a clock pulse and a 
counter (counting means) which counts the 
clock pulse. A control means monitors the 
number of the reflected pulses produced in 
response to the emitted pulse and stops the 
operation of the counter when a prescribed 
number of reflected pulses is received. 
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^Sj^p y ^ 4 3 0 te x f?it^n y ^ 5 0 0 t LTS* 
*!?>-^-^±ft-^S4 4 6 5r^LT, ^h-^ 
[0 0 3 41 iCX^-hnvyK (^lilft^) m 

^rB4 4 6±CD* hy^VK (f?±ffi^-) (CfcoT 
[00 351 ftSW&Hl&0!|-ef4, f?±7"p y * 5 0 0 

#B«McHLTaa*UCJS£3tfS. fct^.li> &t> 

(4, fftJh^o y* 5 0 Ott^rofflK^-y^f-CcO^ 
ffl BWfeWth^CTtS:^*— - £ i: £ 

tifcti, ^2©B«^e>©sjw^^^w*tvfct 

^±^ny^ 5 0 0 ttftro* by 7*=»-WK$r38 

[0 0 3 6] HSroaiJ8B^-^^rtW^tili--<t BS 
W»WS?^*-6 0 0*»fe**B««Mt 
^4 4 8£/l*LT, &St7vy>/ 5 0 0 (Cttij&Stl, 
5. i»»*BaHIJ»B:» n-Kn^yKMi5 3 8 

[00 3 71 SHE* n y HE* a y 

5 4 2^ltf±^Dj,^ 5 0 0ICtt*&$tl5. ZB>JSg 



* n y 1-CKJ8E*nfcB««©Sf:Srii«!i- 
^±-/ny^5 0 0(C<toT«ffl$^5 0 * 

£ftfc£tt^*) fMt^n y* 5 OOHMt 
5o f?Jh*n y *fc#Hu BE£0>B£4fefrME1-SRi:: 

y^5 0 0t^J:o-C^ffl$^-5o »Jk^ny^5 0 014 

~>XrA^ny^^-§-«|4 2 6%gimZo 
[00 38] mE's-tr 9 V 
5 4 OSr^-UT^ih 5 0 O^y-fey h§tt5„ 

ftfc^-C, "(?±^n -^5 0 011 ^T«^H5 4 4 £ 
^LT£T«*«r»£S*3. *fflMHM5 4, 5 3 
8, 5 4 0, 5 4 2i©n-^y^ fW-m 

£ i** n y ^ m^\i. 94 yRvmw? 

4 0 4<£>$!|#PIh!B§4 4 4*»6>, f?Jt7*ny;7 5 0 O^tt 

JSTflHW*, ^7ffi^5 4 4£tf-LT««|5Jg&4 4 4 

[0 0 3 9] 7 ? -^-fg^2 1 4 (03#fig) 14, - 

v^BSMWR (BWfttt) ^«^1-5wjc«ffl$^5„ 
rr-ctti-eic, 3--f ? -{47 ? -^-'ft^2 14^ 

UTiW#pw^^-6 OOKB*«*SrAAL-C*J0, 
r<OB««4BSifelS«#i^4 5 O^LT^Jh^n 

y^ 5 0 0{C#*&§tl5 5o 

[0 0 4 0] E!5(D$!|^|h]K4 4 4^roV^•C<t^) 

^{ciaw u«t 5o wtmxiiA 4 4 «, 7^ ^-ww 

flr*»4 3 2 5r^LTA*SrS»-t^5o 

a.-f , -^»«bfc*/hfltSr*»>'#-4 0 6 

ttlrtts 5 0 0CO^n y^^jtffi^4 5 

4±<D^ny;?ft-f-«r^1-50^fc)nx ^tio 
XZ<D&bmzm-2>*XiZjJ -4 0 6^±L 
/iV^ < i;5^-UT^^5 0 7^^— tWfPfl|«H4 3 2'b* 
fc#Jt7*ny* 5 0 0 {C«i^$tLT*5 f9 . *!?V^-4 
0 6tfZ<Dmfe£tl1tm'miCMLXLti5*Xte. ft 
§m±^S^4 4 6±fr(b*m>'?-4 0 6ldf?Jh=>-r 

[0 04 11 7j*?*-mW®%Z£.i8.-tZ>1tibic, * 

V^V-4 0 6«>ffHKIt». it«iE^4 3 4tC«|&$n 
*. Jtt!JSS4 3 4 t*fc v ffi^«S4 

»36*n, $iJ»U-^^-6 0 0ld^ hT-$n-CV> 
5„ ■e^DZo<OA^rolt|^^cS^^^-C, JtU5S4 3 4 
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14, W«ltii«*«)*/MI«lt»±-C?jS>ofc»^K, TV 
/w* 5. ^/i^HWMHfcWI* 
LTV*3fc#fc©*» M^d^ 5 0 o tttt-ftfltjhfll 

[004 2] — 4 0 6fl»P>©ffi;*Jt>*fc, 05 

©9y^-|elBS4 0 9l:§A/t-P5f-^-7^— v^r 
-f >^#©4 0 8 UMfefc^ttSo 7 j/^@I84 0 9 14, 
^WlW&T—*f-tz.tfft @ flMHIESft 3 0 0©^- 

yf@K4 0 914, D-f^y^TyW4 4 2»c 

&UWP7*n y?404 ©$lJ»[E!g& 4 4 4 K4 ot4tJ 
SftT^-S. ffi»PlElB&4 4 414, *!>>-^-4 0 6 Off 

[0 0 4 3] $J?PIb}%4 4 414, X^-H|fi2 0 8 

±©**- h«#*srt»9 , m^^m^m2 3 4 

Sr^LTSIt/^^SrSftllSo fflfpgUS-4 4 4 14, ft 

f— 2 0 6^b^^-Ht#SrSttR5. fl-SPT'n-fey 
t-2 0 6il, @ S^a^S 3 0 0;6>e> ©?*-*-£ 

D»ft$*i,fc*/MHMlSr*!?y^-4 0 6©tHRiWS 
v>oax.fc^^-fJtS5E«4 3 4fl>ib©tH;>j£, Mfflgl 
IS 4 4 4 #g #&?>©-?, MttHJ84 4 414. (Sfftt 
l;:*tLT4 «J jfi< K*5«#!6»e>OSIt*** V^lCt^ 

^ItSl-S^T, ©J#PIh1BS4 4 414, di^o-^ 
5 0 0 05SUEEi> n y 5 4 2 ±(cS>Jgg^ n y 

[0044] El 5 iC^-tJ: 5 I'. lH?Ple»B4 4 4 {4. fftj 
tWl^Xy--6 0 0a>k#*^-Kfi^j&4 5 2£tf-L 

Jfe***?****-*-. £P>ld, ©J^lHlK4 4 4l44fc, U 
•fey Ml** 2 1 8±©y-fey Mt*«r<>Stt»!K * 
oy^fl|#l|4 2 6±0i';*7A?n?*flH!-frt>£l* 

[0 0 4 5] ffl«PlElK4 4 414, y -T* hffi#* 
2 3 4±©*^y-T7 Mt-H-fctgltllS,, r©** 
0 — T * MI-^14, f?lt7*o y ? 5 0 0 LT# V V 
*-4 0 6£{?li:£-»i:5fc©l;:, ftWlUgg 4 4 4 Id 4 o 

x&mztioz. y-r? Mt*©ttcg<5^-c, 



$J#PIh]?&4 4 414, #y->y--4 0 6 <DW*tC^rSb*SlJ 

[0 0 4 6] »JES^-^^^©IWKW»EK4 4 4(4, 
«*»2 3 2±ICffl»U5 f -rH&**£rtU 
W»fe#*2 3 0±fc7*-*-*»f9**^U i-x 
-f— flHH*2 2 8±idW7^" »*4:&*i-*. MfPB 
&4 4 4I4, ft-U-futy^- 2 0 6^b5mft^2 
2 4Sr^UTSftft#«rSltH5o ffl*PlBlB4 4 4 143 
fc, f?ifc7*ny*5 0 0ri>e>, tHR*hy?WH*4 4 
6 _k©W-|!c* h y ^«*«rgrtlil 0 , ^T«^S 5 4 4 

±©£Tflr*«r£Wft*. Mfti§iB4 4 4tt. 4#ws 

HUB 4 4 4 lc 4 o TfiJffl $ *v#3 0 
[0 0 4 7] LT, HsMUhIBS 

4 4 414, aiE^-^^#ttAi-«dcic. mw^vx 

j>—6 0 0H#Jt^Djr?5 0 0~©fc;*:B£«>S& 

So fMfflI]US4 4 4l4£fc, u^HM-tfaASflfc 
* y 5 4 0 _b(C * y £ 

•frSo r©^ y+-flr»tt, Htv^TiBC sas&v— ir> 

^(Ci|^T^±^o y^500$ry-fey b-fSfc*^ 
ft^li, ©J^IhI?S4 4 414, *|>y^-4 0 
6rtlcW5a^-^-^#ffi-r-5^-|ri4, 9m? v± 
yf— 2 0 6^7 f -^-Srtt«&-f54 5^, 5yf40 

[0048] Jifct, HI 5 f©ff ity D y ^ 5 0 0 ©ft£ 

IH 6 IC^H" 4 5 y ^ 5 0 0 14, 7]} y ^7 

13^7*50 2, 504, 506, 5 0 8, 5 1 0, 5 1 
2, 5 14, 5 1 6^*jxT*i«J, mP)»4SK6<Jl- 

^•CI4, rtv^tt^TD^y y^yn y :/-?$>•), rjx 
b©i:^©t>©»4, (" 1" JU^gia^ 
/v-5:-?:©DA^-CSltSt5o 
[004 9] SffiW2 0 4 «>6©a»^tt, ^ n y 
^flflfcfi^-i®4 5 4Sr^LTSlt©btT-, rixf>©7!; 
y 7*7 d y ^tia© ^ n y ^ fCtt^ $ fl 
5. Rtf/</l'*#5HtS*l*i:, *f^-T5»©7 y yy 
7n y7*^^ixe,©Q|±l^-e|SiaU'</WS:ft! ! 31LTii5© 
5. fc t ^.14, S«W 2 0 4 ir 4 !J Eoc^w asgff 

^^fc#-g-lC14, 7!J y7*7dy7 B ©5*>5 0 2, 50 
4, 5 0 6*5, rft&WQW^fc^Tlftaw^/wS:*/!! 

[0 0 5 0] rtVlb©7U y7*7ny7*©5*>— oS-il 
A/-CQW7jSr^Si tlc4 9, ^*.bjifcH«**K 

^3©7y y7*7ny7*5 0 6©Qti37j^ii5 
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y . % 3 © b mm (DK&tsvu* frgmztix^zfr&fr 

[0 0 5 1] i 6 lOTf i 5 /ii/7 h l^-^^-^ttf 
•fS i t JCt 0 , fltjhl/n ^500 l4-otf>8iJE5^- 

*i5 3„ #7y 5 /7'7n^H©ffl*|j: 1 8 : 1 t/U 
f7"i/?t-5i8i:MJii5, nTA^uy-f— 

©iStftfi^l 5 2 0 ^fflW-TS r t (Ci t» , 7 y y 7*7 

[00 5 2] El 6 ©HiMrm, ^^m-i-iH 5 20li, 
2 : l-v/l^TV^f— 5 4 6 ft* 3 IT y h 

©Ii-Cfc5„ 2 : lT/l'f7'l'?t-5 4 6^0-OC 

JBJW-«a— If-AACMLt, *hy7*IWMt**r 
£/£-f3 i. 5 fc, ^ih7*n y ^ 5 0 0 £«j5)c;-r 5 ri«s 

5r»^ L * < T tt ft ?> ft V ^ e. „ {C i o Tt**& 

ft^4 5 0±©3 tfy KWm^ft-f 5„ 
[0 0 5 3] fcixft t>Lftfcjfi^**-e&.5 8ffl© 

5 0±©3 t*y h©{tl*0 0 OKiry h$H5 0 ^©3 
try f©ttis, S?v^-c©jfflBg^— {rV^WMtdiBIE^ 

©SI!EV-y*^^©Wlc-o©B»4fe«ySttSrlg3t-Ct 
^©-efcS^fs, SUHwSiJffi^-^v^-cii^H^ix© 

[0 0 5 4] f|±7a?^5 0 0li$t S9Bg->— -Jri^ 
*rtT?gE£©;a— y*-Kt£v\ lSJLh©B^<I£ilL 

r s&mcmvm^m 520 srE^rs <t 5 tawM-a 

5 2 0tt, mm*V>fi-5 2 2£fflvvcj8KUt:ffi£ 
jiLTg»6<]lCiE?iJ$n5o ^*7>-^-5 2 214, 
aUEflHHftS 4 2±©8l^y ^y7ff#l;:J:?>SB»>$;f^ 
5„ i©^ny^ft^-l4, jBJKv—^-^^lJife^TffU 
v*B«&©a*M&*3*fc:, /<^tr&rtf 5. — o 

>f~5 2 2*»bOHJ*tt*flsr5. il^*!7>'^-5 
2 2tt£fc, ffU^BEJ^-y-^isjftSSflric, yy 
^~ft-§T»5 4 0^LT-WAyty hflr*Srgrt 

[0 0 5 5] SR*-7>-^-5 2 2©ffl7Jl4, S^fll^ 
815 2 O^LX-^/^^U^^— 5 1 8^-a©ffiSr 



^tUcft^p. U*>U3&*se>. HJt7n.^5 0 0© 
*ttttfcfl±$*afc«>KU -5 2 2©W 

7Jt4, 7K^fi*»5 2 4S:^UT;Vy^7?7 , f- 
7Vu5 2 6fc«l&S;h,$. ft««Jft**«T?tt» -o© 
ME*/-^ -CS*t? 8 ffl© B 5 <fc 5 

£ftoT:fc»), 0^b8*-e©-)i©Sc^^, if© J; 0 
Kffi&X'ViiZ <T))V y y T y :7°x - 7>l£ * h 7- £ *V 

55. La»We#e>, E6©nii^jf^ #*.e>ftitaie 
Jr^-ev^<o©B^T-fcamt?tS«J;5tc:aS:-ig 

[0 0 5 6] Lfc^ot. ;W7^777f-7*^5 2 6 

afcftfcffiJfl-C**. fcifctf, /Wyy7y77 l -?> 
5 2 6 (4, fife© IgttC^hfjl&ItTi «fc 5 KME 
J; 5 r t ^«ItlT-fe 

5. ^ft^X., jS^*^^^-5 2 2^^;5'y^>-h 
£*l5iI*VC, /Vy*Ty7*T— 7>5 2 6»4^P^7* 
U^l?— 5 1 8Sriii:T7!J y77n y /5 04, 50 
8, 5 12, 5 1 6^e>©tH73Sr*^W^y-r-<>-^ 

[0 0 5 7] a^T«cfc3j^£©B$fe;a5£ffi^;MfcW 

5 18 Sr^LTAND-T*— h 5 3 2^#Wp$tt3o AN 
Dy- h 5 3 2 tt, ^ h y TTHfcfll 4#8*b*l& 
tt, *!7^^-406 (05#fl8) #ft/MHR«[»tt«. 

H««*»*/MHR*«rjlBitTTV^6«Mco*, AND^ 
-H5 3 2©W*r±KV^UJ:»»L-C, 7j/fy^7!) 
5-7*7ny75 3 4Sr-fey h^Sr t^T?#5 0 
7*Wt- 5 1 8S^LT^ Hy7THfcflr**tt»* 
*!»^-©W««[iJS*/MHk«[*)fi*.-CV^i:, 
AND-y- h 5 3 2JCi9^$^fcii5V^a^/W 

iryy^$^5o ^5 UT^^y^-^lhff^ 05 
©# !7>-^-^»7*n y 4 3 0 fc# |7 V^-f?±ffl^- 
i®4 4 6Sr^LTtt*&$tl5„ *t7^^-4 0 6l4, 9J 

7oy7534 y-V'-SHSo 
[0058] 06 0 f?Jt:/P y ^ 5 0 0 t 

5. o-f'^Virft^-tt, H5©«lffl|gIK4 4 4^&D 
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[0 0 5 9] g»^y^-5 3 6lt 
-5 2 2** y**3fc»lc46fl!S*!,3IB]&* y-Tr-Ht 
#iH5 4 0^y>LT, ^y-V-^tb^o @»)7J!>^ 
-5 3 6 {4, S^*">V^-5 2 2©fc*(^t>tv5l?I 
C«JS§;7 O y J: 9 . Mm n y i7ffi#« 5 4 2 

M£S'-*l'*©*Mb«M::, a-f^ V W§-*|5 3 8 

Bg^-^V^T'Sim-t^t B n > 
j/$tu5o *5'i'*-4 0 6*»*o*/MHMtK:aLfc 

!>^-536Bf?^yh (-o-fo{6«) £*t 

5. i««J*!>y^— 5 3 6**?** JJ^V'hSixTOi: 
fc^DWottlofcb, B TOMES'-' J^** 
&TLfc£i:fc1H*0»4 4 4fc*!fetf.5fc«>fc, fflTJ 
ft^«5 4 4±lc*Tfll**fe*$Ji*. 

[0 0 6 0] H5©ftH(us?**— 6 o okiov-" 
Ttt, rji*»6H7Sr#MU-C»«llcRMi-5 0 IH7© 

WWUS?**— 6 0 O^LTV^. Wffll'itXfi—B 
OOtt, T'n-feyiJ— 2 06^5>Ot*- Sr»i0!Wt 

#S£gc©*;tim$:SL-0^ 0 a-f-tiotS 

[00 6 1] £e>Ki£L<te, 9 n y 9 fe^fal 1 2± 
©^ny^fi^c&gLT, a— 
7-9-itK yn-feyf-2 0 6A^$J#l/^^-6 

v^-ca^t-t^t @««)»t^4n-c^5 0 r©x 

— ft, 7 y y^7P y:?6 0 2~6 3 4\C~>]) T)V 
(MM) KATjSftS. Z.<DW£7-9-&±X7u± 
yf— 206 (03#fig) d^Sfi4MH@KjK3 0 0iC 
&&£*VCL*5 * hntffi^tfsyn-iry-y— 2 0 
6frb* hx*tfiB*ffi2 1 6*7>LTtt*&$ixS„ *© 

7"6 0 2~6 3 4 (Hl7#ra) ^tW^Wv^X^-e 0 
0©7!) y77n?7*6 3 6~6 6 8~-k®m$iXZ>. 
[0 0 6 2] 07J^1-i5Hl, 7!)y7*70y7*63 

6, 6 38, 6 4 Ote, ffflk^ny^ 5 0 0 (H5# 
BR) ^©A7Jt-r5fc©}C, ^©SUiev— Jr^^tCjS 

7-f5„ @7©7^y77ny/64 2, 6 4 4ft, 
*oy*(t*£««4 2 2 (El5#B0 ©#«tt$r3?f 



64 6I1 B^StoJBJSgSB 3 0 0(?)l/y-7 (E§8t) 
S-t5fc»JC, *!7V^-4 0 6©*^ !J-7<7 hK*f 

[006 3] EI7©7 U y7"7i3 5/^6 4 8~6 6 2 
tt«*4 3 4 (H5*IH) ^{^£ft<5*/hW*«[ 

664, 666, 668 14, ^&©8J£S"-' {ri^T*© 

hT—f5 0 r©fi«, gffi«m#iR4 5 0 (@6# 

[0 0 6 4] «»B«4fe©aiMSrfT5fc©©a!lE2KB2 

oooft*tt4SBtffiiKov>TRwufc©-e, mw®& 

44 4 (H5#M) ©^U— >3 Vfc-^feT. ;:©ft 
1 0Sr#^LTlttM-f 5» EI8 tc^-T J: 5 (c, WtA 

met, ft/MHwr*, a**- k/##**-k*- 

(B«4ftifc) 5. 

[0 0 6 5] 7*ny^ 7 0 2-e©^fA©|OHl:li 1 

£e>K, asst-r^ £«o© b &&© b wm.<fi>w&\\L*. 

9-6 0 OK* hT-Sft-CfctK BWftftli, 

9^-5 2 2 (E6#^) y-t-1"5C:tKJ;o 
T % A'ytTyfJ—T'frS 2 6IC7> ^T-^i^TV^5 
§*U©ffil£, B^ISl4«!)«l^$tl5o «IW»*©BS 
«lj©mffi©^Sr*1-ffl (ffiEffBWWK) tt. «JfflfC$ 

fc, ^os/^7 0 2t?^b$tv5. El 

(a) ~0 2 (b) ic*-t-3«©aaMb^ttastiTL 

[0 0 6 6] u-x-r-^i^ffilWi^x-f 

-©^yKi/x^^itt (-r^*>, 7-9 -mum, 

=I•v>-F^o-a:t>tbrv^T=^r-vy-T'7 Kt^57* 
-yw*©^) !CB*»«E8B3 0 0 4»67'a-lry+- 

206 \m&$nz>7-9-myi<T>fe J %ft. y*->v* 
(&m KWWHtznZo b«wjk^S3oo©W77 
-?7-9-tfmm-?$x\ / ^z>tz (-ttet>h. tit*. 

MH^tfi/ KSr«Fo-C^5*^>'^-^P>©^^y-/' 
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-Mt*|ft2 2 6 (15#I) ■tfoWttJCtOJIWb 
[0067J 70-^704 -Ctt, MESH 2 0 0 it, 

*n*«iicajttf , v vf tvo jitter $ tis ie u 
ri, tuy?ig-%\$7uy? 7 i otcft^Sft-cv^ 

[0 0 6 8] ^^^©«-BaW»*-CO»IE3»ff 
fcnSfllc:. «0I£3£«2 OOlt 0 6 

-3t7ay^ 7 0 2-C^WkSixT^5^ib, -ocojflij 
T. :ftb»7*ny^ 7 1 4t?ttWuq0J»Hb£*V*&£ 

**«E*Jifc€», :jlb©Itt7*ny? 7 1 

[0 0 6 9] «-B«**-C©«E*ff 5«rtC W^T'n 
5-^71 6lil6^$ixT^5J;5fc> jBJ8ESB2 o 04- 

2 0 0£ff«Sgl-s^>*fi > MBf— Tv*<r>mh 

m&bfci^i^gU BT^co^-yy^J55&5WT?&Jx 
tf, VI4H7n y^7 0 0, 7 0 2 {CM 

[00 70] t L^-— tf-^a>JE3Sg 200 0 ?3ttMR& 
B"^ 7 2 0lcH^$tl-'rv>5<t5^ *7^-40 



6f*tHR*HM1-«. 

[0 0 7 1] B9fc*fJ:5fc:» *-7^^-4 0 614^ 
7 2 2tC^£;ft,T^5£5{£tf&£j^tt ; 5,> -t 

mfr>-*>xtt.BTmte<p T?*>oTaiffisig2o 

0(D^£^:TC#&V^i&^&:/nir >;/•>>-- 2 0 61c 
^LT^S. ^-^.fetufeB^wSIKSrtToTvara 
fc, *»7V^-4 0 6©tHRtt*»S*lxfc*/hW-«ll 

414*^^^ — 4 0 6W*^ !J ^SrSlfcLT^S,, 
*/MHfc«0*WBU: J: t> , 2t«a©ifi < *»b©SJ^Kat 
<d j 4 4 )\>*t v -yy-tzz. kfrx%Z> 0 
[0 0 7 2] ^;te>*lfc8iJi£V->7- VifctW 

•fcZfuyt 7 2 6lCigg#, l^oj/^-m, 

* 7 2 8i4J*^-7— K*-K*sa«$^TV>5*»5^Sr 
*J!S1-So #**-K*-Ktt, #?>-*-4 0 6©w 

V\ Lfc^oT, 7D^ 7 3 0T**W*lWSftlHS 

*-*r*t1-afc«>fc:tt:, K-=e— K«s*l«4*i, 

i5c<Ttt<tfe<ev\ 

[0 0 7 3] t>L**W«ffl[^ny^7 3 0-caia* 

7"o 5 '^7 3 2-e*!7^-©t'<V->3 
*$nxv>5J;5l-> «*n^u- ^3 ^aSHJSStt- 
[0 0 7 4] m9<DWfe7vy? 7 2 6lC^oT, * h 
^av^KaMfcffiSftfcl&^CHU ^Jit^n;/^ 7 3 
6^ Slt^V^^ffiSI^^OBS^iC^LTV^S 

B«4fe-e*>oT, U*>t,Slt^/^ttfcofc-oL^ 
(t*nrv^4v^«^-K:i4, S*EOB««l*tt-t©BSte 
*!CJ*iS:UTV>4v\ -&r-C*!7V^-4 0 6f4tfS&Sr 
tt»t, m4»B^»(i7'D ; / ; 5'7 3 8t?^y^!;^^ 

^e=.^y ^^-f^fcfelc:, sRljeyny^ 7 2 6<DA73»C 

M5„ netfro^yny^soooft^'teSIJfe^T? 
tt, ^E©B««j;^«**©B«<»©8i:i:-Si-5* 

[0 0 7 5] mfe7n y? 7 3 6»Ctl^$ixT^5J:5 
7 4 0-CfltJh4*e»ilS. *7^-4 0 6rt 
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[0 0 7 6] Sll Ol^-Tipi-, Ift^U-VaV 
tt, ^MB^n-fcyf— 2 0 6 (HI3#fi8) Hiot, W 
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1 . Title of Invention 

METHOD AND APPARATUS FOR 
MULTIPLE TARGET RANGING 

2 . Clains 

1. Apparatus for determining range to multiple 
targets comprising: 

means for transmitting a pulse; 

means for receiving reflected pulses produced 
in response to said transmitted pulse; and 

means for determining a time between said 
transmitted pulse and a predetermined one of said 
reflected pulses, said determining means further 
including: 

means for generating clock pulses; 
means for counting said clock pulses; and 
means for controlling said counting means 
by monitoring a number of said reflected pulses 
produced in response to said transmitted pulse and 
by disabling operation of said counter when a 
predetermined number, of said reflected pulses has 
been received. 

2. Apparatus according to Claim 1, wherein 
said transmitting means emits a laser pulse. 

3. Apparatus according to Claim 1, wherein 
said clock pulse generating means further includes : 

an internal clock generator for producing 
an internal clock signal; 

a signal line for receiving an external 
clock signal; and 

a multiplexer for selecting either said 
internal clock signal or said external clock signal 
in response to a user selected input. 

4. Apparatus according to Claim 1, wherein 
said counting means includes: 
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a first counter having a carry-out output ; 

and 

at least one additional counter cascaded 
with said carry-out output of said first counter. 

5. Apparatus according to Claim 1, wherein 
said controlling means includes: 

means for enabling said counting means in 
response to a start count signal command and a stop 
count signal command; and 

means for generating said stop count 
signal command in response to said reflected pulses. 

6. Apparatus according to Claim 5, wherein 
said stop count signal generating means further 
includes : 

a shift register which is clocked by said 
reflected pylses; and 

means for selecting at least one storage 
location of said shift register as said stop count 
signal . 

7. Apparatus according to Claim 6, wherein 
said selecting means further includes: 

a select counter for selecting a different 
storage location of said shift register for each of 
said multiple targets. 

8. Apparatus according to Claim 7, wherein 
m% said selecting means further includes: 

a target counter for determining when 
ranges to all of said multiple targets have been 
determined. 
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9. Apparatus according to Claim 5, wherein 
said stop count signal generating means further 
includes: 

a noise filter for inhibiting generation 
of said stop count signal until said counting means 
counts to a predetermined minimum value. 

10 . Method for determining range to multiple 
targets comprising the steps of: 

transmitting a pulse; 

receiving reflected pulses produced in response 
to said transmitted pulse; and 

determining a time between said transmitted 
pulse and a predetermined one of said reflected 
pulses by counting clock pulses, said counting being 
controlled by monitoring a number of said reflected 
pulses produced in response to said transmitted 
pulse and by disabling said counting when a 
predetermined number of said reflected pulses has 
been received. 

11. Method according to Claim 10, further 
including the step of: 

inputting a user specified value 
representing, resolution with which target range is 
determined and the maximum range in which a target 
will be detected. 

12. Method according to Claim 11, wherein said 
^ user specified value is a clock divide ratio for 

controlling frequency of a clock input to a range 
counter. 

13. Method according to Claim 11, further 
including the step of: 
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inputting a user specified value 
representing the number of targets to be detected 
within said maximum range. 

14. Method according to Claim 10, further 
including the step of: 

inputting a minimum count value which must 
be exceeded before said counting is controlled by 
said monitoring of reflected pulses. 

3* Detailed Description of Invention 
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BACKGROUND OF THE INVENTION 

Pield of the Invention! 

The present invention relates generally to 
measuring a time delay of an event relative to a 
reference time for providing the range to a target. 
More particularly, the invention relates to a method 
and apparatus for measuring time delays between a 
reflected pulse from each of multiple targets 
relative to a reference pulse. 

State of the Art; 

Devices for measuring a time delay using, for 
example, opto-electronic, electronic and ultrasonic 
range finders are kncwn. Opto-electronic range 
finders, such as laser range finders, measure a 
time -of -flight of a transmitted laser pulse; that 
is, the time between transmission of the pulse and 
detection of a reflected laser return pulse from a 
target. To determine a time-of -flight of the 
transmitted laser pulse, a counter is typically 
started upon the emission of the laser pulse, and is 
then stopped upon receipt of the reflected pulse. 

In addition, where multiple targets in the 
field of view are to be detected, devices have been 
developed to measure the time-of -flight to the 
additional targets. For example, a known opto- 
electronic range finder includes a counter which is 
started upon emission of a light pulse, and then 
stopped upon receipt of a reflected pulse. Once the 
counter. has been stopped, the count information is 
transferred from the counter to an intermediate 
storage location. The counter then continues to 
count until the next reflected pulse is received. 
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Despite an ability to detect multiple reflected 
pulses, such devices suffer significant drawbacks. 
For example, the range finder device must be capable 
of transferring data from the counter to the 
intermediate storage in a time interval which is 
less than the resolution of the counter. That is, 
data must be transferred to the intermediate storage 
within one clock cycle so that the counter output 
does not change state during the transfer of data. 
Any practical implementation of such a range finder 
therefore requires use of a synchronous counter. 
However, it is difficult to implement a synchronous 
counter with a data width of 8 bits or more, and 
with counter resolutions on the order of 500 
picoseconds. 

Another known opto-electronic range finding 
device includes multiple counters. Each of the 
counters is started upon the emission of a light 
pulse , and each counter is stopped in sequence as 
multiple reflected pulses are received. However, 
this device suffers the drawback of requiring 
multiple counters, each having a wide data width and 
high resolution. The large area and very high power 
dissipation required for the use of multiple 
counters limits the number of targets which can be 
detected in a practical embodiment. 

U.S. Patent No. 5,353,228 (Geiss et al) 
discloses another known apparatus for detecting a 
range to multiple targets in a field of view. This 
h patent describes dividing a predetermined 

measurement cycle into multiple time intervals. A 
sequence of distances is associated with the round- 
trip transit time receivable within each time 
interval, and a digital memory is used to store the 
presence or absence of a target at each interval. A 
disadvantage of this device is that its maximum 
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resolution is a function of the time required to 
write information to the digital memory. In 
addition, this device is limited to a measurement 
cycle which must detect the presence or absence of a 
reflected target pulse within every designated time 
interval. Consequently, when the number of time 
intervals in the measurement cycle is increased to 
improve range or resolution, the number of locations 
in the storage device must be increased linearly. 
Far example, increasing the measurement cycle by a 
factor of two, requires an attendant increase in the 
size of the digital memory by a factor of two. 
Accordingly, this device is impractical when high 
resolution (that is, a short time interval) and/or a 
large measurement cycle are required. Further, 
because this device stores an entire history of 
reflected target pulses for a given measurement 
cycle before any information is read out to a signal 
evaluation device, it is unsuited for real-time 
operation. 

Other conventional range finding devices are 
premised on the use of range gating, wherein a 
counter is enabled for only a small interval of 
time. For example, to locate a first target which 
is expected to be within ten meters from the 
transmitter, the counter is enabled to detect a 
reflected pulse within a period of time which 
corresponds to a distance of ten meters. If no 
target is detected within this range, then the 
k counter is enabled to detect reflected pulses from a 
target within a range of 10-20 meters. This process 
continues for each gated range, until all designated 
ranges have been examined. A disadvantage of range 
gating is that an increase in resolution can 
significantly increase the time required to perform 
a single measurement cycle. For example, if each 
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specified interval possesses one meter resolution, 
then a measurement sequence for a range of 2000 
meters would require 2000 separate measurements. 
Such operation can be extremely timely, inefficient 
and unsuitable for real-time data acquisition. 

U.S. Patent No. 4,477,184 (Endo) discloses a 
range finding device which suffers drawbacks similar 
to those described with respect to range gating. 
Here, a scanning laser is used to detect targets 
across an entire field of view. To achieve high 
resolution, each segmented portion of the field of 
view is relatively small. Because the time 
required to scan the entire field of view increases 
in proportion to the resolution desired, the 
disclosed device is unsuitable for achieving high 
resolution in real-time. 

Accordingly, it would be desirable to provide a 
method and apparatus for determining ranges to 
multiple targets, in real-time, using a system 
having high resolution over a large maximum range. 
In so doing, it would be desirable to provide a 
practical, cost-effective system which can be easily 
reconfigured by the user. 

SUMMARY OF THE INVENTION 

Exemplary embodiments of the present invention 
are directed to a method and apparatus for detecting 
reflected pulses from multiple targets in a field of 
view such that a range to each target can be 
% detected with high resolution, even when the targets 
are located over a relatively large measurement 
range . Exemplary embodiments of the present 
invention can provide real-time acquisition of 
ranging data, and can be implemented in a practical 
cost-effective manner suitable for reconfiguration 
by the user. 
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In accordance with the present invention, a 
method and apparatus are disclosed for determining 
ranges to multiple targets. Exemplary embodiments 
comprise means for transmitting a pulse, means for 
receiving reflected pulses produced in response to 
said transmitted pulse; and means for determining a 
time delay between said transmitted pulse and a 
predetermined one of said reflected pulses. The 
determining means further includes a clock generator 
for producing clock pulses; a counter for counting 
said clock pulses; and means for controlling said 
counter by monitoring a number of said reflected 
pulses produced in response to said transmitted 
pulse and by disabling operation of said counter 
when a predetermined number of said reflected pulses 
has been received. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Figures 1A-1F illustrate exemplary timing 
diagrams for detecting reflected pulses of multiple 
targets in a field of view according to the present 
invention. To determine a range for multiple 
targets in the field of view, exemplary embodiments 
are initialized for the appropriate number of 
targets to be detected. Further, exemplary 
embodiments are initialized for the desired 
resolution, maximum target range , the order of 
target detection (that: is, which target is to be 
detected first, which target is to be detected next, 
and so on) and the minimum detectable target range. 

The number of pulses which are transmitted in a 
given ranging sequence, such as ranging sequence 100 
of Figure 1A, is equal to the maximum number "n n of 
targets to be detected. After initialization, a 
start command is issued which triggers emission of a 
reference pulse 102 (e.g., laser pulse) 102 and 
which enables a counter to begin counting. Once the 
laser pulse 102 has been transmitted, the receipt of 
reflected pulses from the targets is monitored. 
Where the closest target is to be detected first, 
the first reflected pulse 104 stops the counter. 
The count stored in the counter is then output to a 
control processor as a representation of range to 
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the first target. In detecting the first reflected 
pulse 104, subsequently received pulses 106 and 108 
are ignored. 

After detecting range to the first target, the 
counter is reset and then a second start command 110 
(Figure 1C) of the first ranging sequence 100 is 
issued to detect range for the second target. Upon 
transmission of the second reference pulse 110, the 
counter is again enabled. However, the counter does 
not stop counting until the reflected pulse 114, 
representing the second target, is received and 
detected as illustrated in Figure 1C. That is, the 
first reflected pulse 112 and a subsequent reflected 
pulse 116 are ignored such that the counter stores a 
count indicative of a distance to the target which 
reflected the second pulse 114. 

The counter is then reset once again, and a 
third start command is issued to transmit a third 
start pulse 118 (Figure ID) of the ranging sequence 
100. Because the first and second targets have 
already been previously detected, reflected pulses 
120 and 122 are ignored. However, upon detection of 
the third reflected pulse 124, the counter is 
stopped such that the count stored therein 
represents range to the third target. 

Once the nth start command has been issued and 
all targets in a given ranging sequence have been 
detected, the ranging sequence 100 is complete. A 
subsequent ranging sequence 126 can then be 
implemented, if desired. The ranging sequence 126 
can repeat the ranging sequence 100, or can be 
reconfigured to, for example, detect any one or all 
of the targets with increased or reduced resolution. 

Figure IE illustrates an exemplary use of this 
ranging operation for collision avoidance in a 
vehicle control environment, wherein potential 
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targets include other vehicles. Using the operation 
described with respect to Figures 1A- ID, a 
reference pulse 128 is transmitted from the 
controlled vehicle 140. Reflected pulses 132, 134, 
136 and 138 from the target vehicles 142, 144, 146 
and 148, respectively are used to determine the 
range of each target vehicle from the controlled 
vehicle. 

Exemplary embodiments of the present invention 
permit multiple targets to be determined without 
requiring multiple counters, or counters that 
transfer data to an intermediate storage location 
within one clock cycle. Further, exemplary 
embodiments eliminate any need for a large digital 
memory which stores information for each of a 
plurality of pre-desicnated time intervals. 

An exemplary embodiment of a device for 
implementing the ranging operation of Figures 1A - 
IF is illustrated in Figure 2. In Figure 2, a range 
finding device 200 constitutes an apparatus for 
determining the range to multiple targets. Range 
finding device 200 includes a means for transmitting 
a pulse, such as any conventional transmitter 202 
for producing a laser pulse. A means for receiving 
reflected pulses produced in response to the 
transmitted pulse is represented as any conventional 
receiver 204. Means for determining a time between 
the transmitted pulse and a predetermined one of the 
reflected pulses includes a target ranging apparatus 
3 00 for multiple target ranging. A processor which 
is either included within the target ranging 
apparatus 300 or which is external to the target 
ranging apparatus 300, such as external processor 
206, supplies control information to the range 
finding device 200. 
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In accordance with exemplary embodiments, the 
external processor 206 can be a programmable gate 
array. However, those skilled in the art will 
appreciate that any conventional microprocessor can 
also be used to control operation. 

To initiate a ranging operation, the external 
processor 206 issues a start command to the target 
ranging apparatus 300 via start signal line 208. 
This start command is also supplied to the 
transmitter 202 via start signal line 210 to 
initiate reference pulse transmission. Reflected 
pulses which are detected by the receiver 204 are 
used to supply signals to the target ranging 
apparatus 300 via a reflected pulse signal line 238. 
The reflected pulses are used to generate a counter 
stop signal. 

The external processor 206 also communicates 
with the target ranging apparatus over a number of 
additional signal lines, such as clock and data 
signal lines 212 and 214, respectively. The clock 
signal line 212 is used to load data via the data 
signal line 214 into target ranging apparatus 300 
during initialization or reconfiguration of the 
range finding device 200. 

The information which is included in the data 
supplied via the data signal line 214 includes user 
configurable variables such as: (1) the maximum 
number of targets for a given ranging operation 
(MAXTGT) ; (2) a divide ratio reference value (DIV) 
for programming a timing interval that defines a 
minimum resolution and maximum range of the range 
finding device 200; (3) a minimum count used to 
disable a "stop counter" command until a specified 
count has been reached (MINCNT) ; (4) a mode command 
(MODE) used' to distinguish a cascade mode (wherein 
one or more external counters are cascaded to the 
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carry-out of an internal counter in the target 
ranging apparatus 300 to extend the maximum range) 
from a non-cascaded mode; and (5) a target value 
(TGT) which represents the value of a target being 
searched {note that the user can configure the 
system to search for the targets in any order, such 
as closest to furthest, furthest to closest, and so 
forth) . 

The external processor 206 also sends a strobe 
signal via a strobe signal. line 216 for verifying 
when data has been sent via the data signal line 
214. A reset signal line 218 resets parameters of 
the target ranging apparatus 300. A clock select 
signal line 220 is used to designate whether a 
system clock signal will be generated from: (1) an 
internal clock in the target ranging apparatus 300; 
or (2) an external clock received by the target 
ranging apparatus 300 via an external clock signal 
line 222. The internal clock of the target ranging 
apparatus 3 00 is driven in response to a reference 
oscillator input 236. 

A data received signal line 224 is used by the 
processor 206 to acknowledge when data has been 
received from the target ranging apparatus 3 00. For 
example, when valid data corresponding to the range 
of a target currently being searched (that is, valid 
ranging data) has been received and stored by the 
external processor 206, a "received" signal is sent 
to the target ranging apparatus 3 00. 

The target ranging apparatus 300 also sends 
information to the processor 2 06 over a variety of 
signal lines. The valid ranging data acquired by 
the target ranging apparatus 300 is sent: to the 
external processor via data signal lines 226. This 
data is read by the processor 206 upon receipt of a 
"ready" signal from the target ranging apparatus 300 
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via ready signal line 228 and a data valid signal on 
data valid signal line 230. 

A control ready signal line 232 is used by the 
target ranging apparatus 300 to inform the processor 
206 when the target ranging apparatus 300 is between 
ranging sequences; whenever the control ready 
signal is asserted, the range finding device 200 can 
be reconfigured by supplying it with new variables 
via data lines 214. Finally, a carry-out signal 
line 234 is used to inform the processor 206 when 
the internal counter of the target ranging apparatus 
300 has reached its maximum count value; the carry- 
out signal thus informs the processor 205 that no 
target has been detected for a given interval of the 
ranging sequence. 

Features of the target ranging apparatus 300 
will now be described in greater detail with respect 
to Figure 3. As illustrated in the exemplary Figure 
3 embodiment, the target ranging apparatus 300 
receives a two bit differential input via start 
signal line 208 and receives a two bit differential 
stop signal from the receiver 204 via the reflected 
pulse signal line 238. For each of the start and 
stop signals, the two bits constitute inverted and 
non-inverted start/stop signals. The inverted and 
non-inverted signals for each of the start and stop 
signals can be supplied to a buffer for comparison 
to improve edge detection in known fashion. 
However, those skilled in the art will appreciate 
that a single line can be used for each of the start 
and stop signals if desired. 

The start and stop signal are supplied to a 
counter controller means 302, represented as a 
timing and control block 404. The timing and 
control block 404 also receives the initialization 
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and reconfiguration data via clock signal line 212, 
data signal line 214 and strobe signal line 216. 

As illustrated in Figure 3, the timing and 
control block 404 receives the reset signal line 
218, the clock select signal line 220 and the 
external clock signal line 222. The clock select 
line 220 signifies whether an external clock signal 
supplied via external clock signal line 222 is to be 
used, or whether an internal clock driven by the 
reference oscillator input 236 is to be used to 
provide a system clock signal. In accordance with 
exemplary embodiments, a system clock signal on the 
order of 2 gigahertz can be used. However, those 
skilled in the art will appreciate that a clock 
frequency which is any order of magnitude less than 
or greater than 2 gigahertz car. be used provided 
logic errors do not occur in processing the counter 
data. 

A clock pulse generating means 304, represented 
as phase lock loop circuitry 402, produces the 
internal clock signal on internal clock signal line 
306 in response to the reference oscillator input 
236. In accordance with exemplary embodiments, the 
reference oscillator can be a relatively slow speed 
oscillator which produces pulses with a frequency on 
the order of 25 megahertz. 

Outputs from the timing and control block 404 
are supplied to a means 308 for counting the clock 
pulses, represented as a counter 406. In the 
t% exemplary Figure 3 embodiment, the counter 4 06 is a 
12 -bit counter. However, those skilled in the art 
will appreciate that a counter having any number of 
bits can be used. A 12 -bit output from the counter 
is supplied via counter output signal lines 312. 
Further, the counter supplies a carry-out signal on 
the carry-out signal line 234. 
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The 12 -bit counter output , along with outputs 
from the timing and control block 404, are supplied 
to a means 310 for formatting data, represented as 
data formatting block 408. The data formatting 
block 408 ensures that a continuously changing count 
value on the counter output signal lines 312 is not 
supplied to the data signal lines 226 of the target 
ranging apparatus 300. The data formatting block 
408 only supplies the count value of the counter 406 
to the data signal lines 226 when a counter stop 
command has been generated by the timing and control 
block 404 in response to reflected pulses on the 
reflected pulse signal line 238. 

When valid data has been supplied to the data 
signal lines 226, a ready signal is applied to ready 
signal line 228 and a data valid signal is supplied 
to data valid signal line 230. These signals, as 
well as any other ^signals between the target ranging 
apparatus 300 and the external processor 205, can be 
supplied by the timing and control block 404 to the 
external processor 206 via the data formatting block 
408. 

Power for the target ranging apparatus 300 is 
supplied via a power conditioning circuit 314. The 
power conditioning circuit 314 of the exemplary 
Figure 3 embodiment, can include any conventional 
filtering, and receives power via an exemplary five 
volt power input 316 and a ground input 318. 

Figure 4 illustrates features of the Figure 3 
^ target ranging apparatus 300 in greater detail. In 
Figure 4, the phase lock loop circuitry 402 is 
illustrated as including a conventional phase 
comparator 412 which receives the reference 
oscillator input 236. A voltage controlled 
oscillator (VCO) 414 can, in accordance with 
exemplary embodiments, be a two gigahertz 
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oscillator. The voltage controlled oscillator 
output can be divided via a clock divider 416 for 
comparison with the reference oscillator input in 
phase comparator 412. Phase errors between the 
reference oscillator input 236 and the voltage 
controlled oscillator 414 are supplied to a low pass 
filter 418 to adjust the output frequency of the 
voltage controlled oscillator 414 in conventional 
fashion. 

The phase compensated output from the voltage 
controlled oscillator 414 is supplied via internal 
clock signal line 306 to a 2:1 multiplexer 420 of 
the timing and control block 404. The multiplexer 
420 receives the clock select signal line 220. 
Depending on the state of the clock select signal 
line 220, either the internal clock signal produced 
by the phase lock loop circuitry 402 or the external 
clock received via the external clock ^signal line 
220 is output from the multiplexer 420, 

The selected output from multiplexer 420 is 
supplied to a clock signal divider 422. The divide 
ratio (DIV) of divider 422 is a user configurable 
variable which is stored in a control register 600 
and supplied to divider 422 via divider select 
signal line 424. The divide ratio is used to modify 
the clock frequency of the system clock signal which 
drives counter 406, and thereby control a timing 
interval of the counter 406. Those skilled in the 
art will appreciate that by modifying the clock 
frequency, the resolution and range of the target 
ranging apparatus 300 can be controlled. 

For example, by increasing the divide ratio, 
the clock frequency used to drive counter 406 will 
be reduced thereby reducing resolution of a given 
ranging sequence. However, by reducing resolution, 
the maximum range aver which the counter 4 OS can 
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detect a reflected pulse will be extended. In 
contrast, decreasing the divide ratio will increase 
resolution and decrease maximum range. In 
accordance with exemplary embodiments, the divide 
ratio can be set to any value, including values of 
1, 2, 4 and 8. 

The counter 406 is enabled, via an enable 
signal line 428, to count the divided clock pulses 
on the clock signal line 426. The enable signal is 
supplied from a means for enabling the counter 
operation, represented as a counter enable block 
43 0. The counter enable block 43 0 receives the 
start command via the start signal line 208. 
Further, the counter enable block 43 0 receives a 
stop command, via stop count signal line 446, from a 
means for disabling counter operation, represented 
as stop enable block 500. 

The start command is provided coincident with 
the transmission of the pulse from the Figure 2 
transmitter 202. The stop enable block 500 (Figure 
5) disables the counter operation via a stop command 
on stop count signal line 446 when a target 
currently be searched in a given ranging sequence 
has been detected, or when a ranging sequence is 
complete. 

In an exemplary embodiment, the stop enable 
block 500 can be configured to sequentially generate 
stop commands for each target in a ranging sequence 
until the maximum number of targets have been 
ranged. For example, where the targets are to be 
detected from closest to furthest, the stop enable 
block 500 can monitor each detected target in the 
ranging sequence. A first stop command is generated 
when the first, closest target has been detected. 
After the counter 406 has been reset, the stop 
enable block 500 will generate the next stop command 
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when a reflected pulse from the second target is 
detected. This process continues until all targets 
in a given ranging sequence have been detected. 

The maximum number of targets to be detected in 
a given ranging sequence is supplied to the stop 
enable block 500 from the control register 600 via a 
maximum target signal line 448. The maximum target 
is loaded into a register (for example, a counter) 
of the stop enable block 500 in response to a load 
command signal on load command signal line 538. 

A ranging clock signal is supplied to the stop 
enable block 500 via a ranging clock signal line 
542. The ranging clock signal is used by the stop 
enable block 500 to keep track of the number of 
targets which have been ranged. A stop clock signal 
line 454 supplies reflected pulses {that is, 
reflected pulses which are received subsequent to 
the counter 406 reaching its minimum count) to the 
stop enable block 500. The stop clock signal is 
used by the stop enable block 500 to track the 
number of reflected pulses which have been received 
when ranging to a given target. The stop enable 
block 500 also receives the system clock signal line 
426. 

Prior to each ranging sequence, the stop enable 
block 500 is reset via a clear signal line 540. 
After all reflected pulses in a ranging sequence 
have been detected, the stop enable block 500 
generates a done signal on a done signal line 544. 

The load, clear and clock signals on signal 
lines 454, 538, 540 and 542 are supplied to the stop 
enable block 500 from control circuitry 444 of the 
timing and control block 404. Further, the done 
signal which signifies the end of a ranging sequence 
is supplied via the done signal line 544 to the 
control circuitry 444. 
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Recall that the data signal line 214 (Figure 2) 
can be used to supply a target value (TGT) 
representing a target to be searched during a 
ranging sequence. Where the user has input a target 
value via the data signal lines 214 to the control 
register 600, this target value can be supplied to 
the stop enable block 500 via a target value signal 
line 450. 

The control circuitry 444 of Figure 4 will now 
be discussed in greater detail. The control 
circuitry 444 receives an input via a filter control 
signal line 43 2. The filter control signal 
indicates when the count value of the counter 406 
has exceeded a user specified minimum count value. 
The filter control signal is used to generate the 
clock signal on stop clock signal line 454 of stop 
enable block 500 , and thereby prevents the counter 
406 from being stopped until after the minimum count 
has been reached. The filter control signal line 
432 can also be supplied to the stop enable block 
500 to ensure that the stop command is not supplied 
to counter 406 on stop count signal line 446 until 
after the counter 406 reaches its minimum specified 
value. Thus, the minimum count value is used as a 
noise filter; that is, it eliminates reflected 
signals which are received within a predetermined 
time period following transmission of the reference 
pulse from being considered a target reflected 
pulse . 

To generate the filter control signal, the 
count value of counter 406 is supplied to a 
comparator 434. The comparator 434 also receives a 
minimum count v.lue via signal line 436. the 
minimum count value is specified by the user and 
stored in the control register 600. Based on a 
comparison of its two inputs, the comparator 434 
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generates the filter control signal when the count 
value is equal to or greater than the minimum count 
value. Only when the filter control signal has been 
generated can the stop enable block 500 generate the 
stop command on stop count signal line 446, Thus, 
the use of a minimum count specified by the user 
avoids the false detection of objects nearer to the 
range finding device 200 than the first target to be 
detected. 

The output from the counter 4 06 is also 
supplied to the data formatting means 408, which 
includes latch circuitry 409 of Figure 4. The latch 
circuitry 409 ensures that only valid ranging data 
will be supplied to data signal lines 226 of the 
target ranging apparatus 300. The latch circuitry 
409 is loaded in response to a load command signal 
442, which is generated by control circuitry 444 of 
the timing $nd control block 406. The control 
circuitry 444 generates the load command signal when 
the counter 4 06 has been stopped, such that its 
count value represents valid ranging data. 

The control circuitry 444 of Figure 4 receives 
the start signal on start signal line 208 and the 
reflected pulses via the reflected pulse signal line 
238. The control circuity 444 receives a start 
signal from the external processor 206 each time 
ranging to another target is initiated. The 
external processor 206 generates a start signal each 
time data is received from the target ranging 
apparatus 300, and additional targets of a ranging 
sequence are to be searched. Because the control 
circuitry 444 receives the output from the 
comparator 434 which indicates when the count of 
counter 40 6 is greater than the minimum count 
specified by the user, the control circuitry 444 can 
determine when the reflected pulses correspond to 
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pulses reflected by a target (as opposed to spurious 
reflections from objects closer to the receiver than 
the first target to be detected) . Based on this 
information, the control circuitry 444 can generate 
the ranging clock signal on ranging clock signal 
line 542 of stop enable block 500. 

As illustrated in Figure 4, the control 
circuitry also receives the cascade mode input 
signal on cascade signal line 452 from the control 
register 600. The cascade mode signal indicates 
whether the counter 406 is in a cascade mode. 
Further, the control circuitry 444 receives the 
reset signal on reset signal line 218, and the 
system clock signal on clock signal line 426 . 

The control circuitry 444 can receive the 
carry-out signal on carry-out signal line 234. The 
carry-out signal can be used by the control 
circuitry 444 to stop the counter 406 via stop 
enable block 500. Based on the Value of the carry- 
out signal, the control circuitry 444 can determine 
whether valid ranging data exists at the output of 
counter 406 . 

During a ranging sequence, the control 
circuitry 444 generates the control ready signal on 
signal line 232, the data valid signal on data valid 
signal line 230 and the ready signal on ready signal 
line 228 . The control circuitry 444 receives the 
received signal from the external processor 206 via 
the received signal line 224. The control circuitry 
444 also receives the stop signal on stop count 
signal line 446 and the done signal on done signal 
line 544 from stop enable block 500. The control 
circuitry 444 can use the stop signal to track when 
the most recently received reflected pulse, 
representing a currently detected target, 
corresponds with the target value currently being 
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searched. The done signal can be used by the 
control circuitry 444 to track completion of a 
ranging sequence. 

In response to these various signals, the 
control circuitry 444 generates the load signal for 
loading the maximum target value from the control 
register 600 into the stop enable block 500 at the 
start of each ranging sequence. The control 
circuitry 444 also generates the clear signal on 
clear signal line 540 after the ready signal has 
been output. The clear signal is used to reset the 
stop enable block 500 for a subsequent ranging 
sequence. Finally, the control circuitry 444 
outputs the load signal to the latch 408 to supply 
data to the external processor 206 when valid data 
exists in the counter. 

An exemplary embodiment of the stop enable 
block 500 in Figure 4 will now be described in 
greater detail with respect to Figure 5. Referring 
to Figure 5, the stop enable block 500 includes 
flip-flops 502, 504, 506, 508, 510, 512, 514 and 516 
which collectively constitute a shift register. In 
the exemplary Figure 5 embodiment r all of these flip 
flops are D flip-flops, the first of which receives 
a logic level high (represented as a "I'M at its D 
input . 

Reflected pulses from the receiver, received 
via stop clock signal line 454, are supplied as the 
clock signal to each of these flip-flops. As 
r reflected pulses are received, a corresponding 
number of flip-flops will possess a logic level high 
at their Q outputs. For example, when 3 pulses have 
been received by the receiver, each of the flip- 
flops 502, 504 and 506 will possess a logic level 
high at their Q output. 
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By examining the Q output for a selected one of 
these flip-flops , it can be determined whether the 
reflected pulse corresponding to a given target has 
been received. For example, by monitoring when the 
Q output of the third flip-flop 506 transitions to a 
logic level high, it can be determined when the 
reflected pulse of the third target has been 
received. 

By using a shift register as illustrated in 
Figure 5/ the stop enable block 500 can be 
configured to sequentially detect each target during 
a ranging sequence. The output from each flip-flop 
is supplied to an 8:1 multiplexer 518. By 
controlling a select signal line 520 of the 
multiplexer, the flip-flop outputs can be examined 
one at a time. 

In the Figure 5 embodiment, the select signal 
line 520 is a 3-bit value supplied from a 2:1 
multiplexer 546. One input to the multiplexer 546 
is a target signal line 450 representing a user 
specified number of a target currently being 
searched in a ranging sequence. Those skilled in 
the art will appreciate that the stop enable block 
500 can be configured to produce a stop count signal 
in response to a user input specifying one or more 
targets of a given ranging sequence. As each 
different target in the ranging sequence is to be 
searched, the target value supplied by the user can 
be changed, thereby changing the 3 -bit input on the 
target signal line 450. 

For example, if the closest of eight maximum 
targets is being searched first, then the 3 -bit 
value on the target signal line 450 can be set to 
000. This 3 -bit value can then changed as each 
subsequent target in the ranging operation is 
searched during subsequent ranging sequences 
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(because the user can only select one target value 
in a ranging sequence according to an exemplary 
embodiment, a separate ranging sequence can be 
initiated to search each subsequent target) . The 
order in which the targets are searched can 
therefore be specified by the user. 

The stop enable block 500 is also configured to 
automatically sequence the select signal line 520 
through one or more target values in a predetermined 
order during a ranging sequence. In an exemplary 
embodiment, the signal select line 520 can be 
automatically sequenced through a series of values 
using a select counter 522. The select counter 522 
is driven by the ranging clock signal on ranging 
clock signal line 542. This clock signal produces a 
pulse each time the search for a new target in a 
ranging sequence is initiated. As each target in a 
ranging sequence is searched, the output from the 
select counter 522 changes. The select counter 552 
also receives the system reset signal via the clear 
signal line 540 each time a new ranging sequence is 
initiated. 

Those skilled in the art will appreciate that 
the output of select counter 522 can be used to 
directly supply a sequence of values to the 
multiplexer 518 via the select signal line 520. 
However, to enhance flexibility of the stop enable 
block 500, the select counter output is supplied via 
an address signal line 524 to a look-up table 526. 
, For the exemplary embodiment wherein a maximum of 
eight targets can be searched in a ranging sequence, 
a series of numbers from 0 to 8 can be stored in the 
look up table in any order. However, those skilled 
in the art will appreciate that the Figure 5 
embodiment can be modified to search any number of 
targets in a given ranging sequence. 
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The look-up table 526 can therefore be used to 
accommodate a ranging sequence wherein the targets 
are searched in a random order specified in advance 
by the user. For example, the look-up table 526 can 
be configured to accommodate a ranging sequence 
wherein every other target is searched; thus, as the 
select counter 522 is incremented, the look-up table 
526 will sequentially gate the outputs from the 
flip-flops 504, 508, 512 and 516 through the 
multiplexer 518. 

When a given target being searched has been 
located and detected, the Q output of an appropriate 
flip-flop transitions to a logic level high. This 
output is supplied via multiplexer 518 to an AND 
gate 532. The AND gate 532 ensures that the counter 
406 (Figure 4) has exceeded the minimum count value 
necessary for a stop count signal to be generated. 

Only when the counter value exceeds the minimum 
count will the output of AND gate 53 2 be permitted 
to transition high to set a latching flip-flop 534. 
When a stop count signal is supplied via the 
multiplexer 518, and the counter count value exceeds 
the minimum count, a logic level high produced by 
the AND gate 532 is latched into D flip-flop 534 on 
the next system clock pulse. A counter stop signal 
is then supplied via the stop count signal line 446 
to the counter enable block 43 0 of Figure 4. The 
counter 406 will not be restarted until the search 
for the next target in the ranging sequence is 
k initiated by the control circuitry 444. At that 
time, the flip-flop 534 is also cleared. 

The stop enable block 500 as illustrated in 
Figure 5 also includes a target counter 536. The 
target counter 536 can be loaded with the number of 
targets to be searched in a given ranging sequence. 
The load signal is supplied from the Figure 4 
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control circuitry 444 via load signal line 538, The 
target counter 536 is thus loaded with the maximum 
number of targets to be searched in a given ranging 
sequence. 

The target counter 53 6 is cleared via the same 
clear signal line 540 used to clear the select 
counter 522. The target counter 536 is clocked via 
ranging clock signal line 542 by the same ranging 
clock signal used for select counter 522. 

In operation, at the start of a ranging 
sequence, the load signal on load signal line 53 8 
goes high, thereby loading the maximum number of 
targets to be searched in the ranging sequence. 
With each reflected pulse which is received 
subsequent to the counter 406 reaching its minimum 
count, the target counter 536 is decremented. Once 
the target counter 536 has been decremented to 2ero, 
the done signal is produced on output signal line 
544 to indicate to the control circuitry 444 that 
the current ranging sequence has been completed. 

The control register 600 of Figure 4 will now 
be described in greater detail with reference to 
Figure 6 . The exemplary embodiment of Figure 6 
shows a control register 600 which includes a 
plurality of D flip-flops. The control register 600 
is sequentially loaded with the data from the 
processor 206, this data representing each of the 
user configurable variables. Once the control 
register 600 has been loaded with all user- 
% configurable variables, a ranging operation can be 
initiated. 

More particularly, in response to the clock 
signal on clock signal line 212, data specified by 
the user is supplied from the processor 206 to the 
flip-flops of control register 600. The user 
specified data includes values for the maximum 
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number of targets to be searched in a given ranging 
sequence, the divide ratio, the cascade mode, the 
minimum count value and the target to be searched in 
a given ranging sequence. This data is serially 
input to flip-flops 602 - 634. Once all such data 
has been transferred from the processor 206 (Figure 
2) to the target ranging apparatus 300, the strobe 
signal i6 supplied by the processor 206 via strobe 
signal line 216. As a result, the user specified 
data is transferred from the flip-flops 602 - 634 
(Figure 6) into flip-flops 636 - 668 of the control 
register 600. 

As illustrated in Figure 6, the flip-flops 636, 
638 and 640 store a 3 -bit value representing the 
maximum number of targets being searched in a 
current ranging sequence, for input to the stop 
enable block 500 (Figure 4) . The flip-flops 642 and 
644 of Figure 6 store a 2 -bit value representing the 
divide ratio of clock signal divider 422 (Figure 4) . 
The flip-flop 646 of Figure 6 stores the cascade 
mode to inform the control circuitry 444 (Figure 4) 
whether additional external counters have been 
cascaded to the carry-out of the counter 406 to 
extend the range of the target ranging device. 

The flip-flops 648 - 662 of Figure 6 store an 
8 -bit value representing the minimum count value 
supplied to the comparator 434 (Figure 4) . The 
flip-flops 664, 666 and 668 store a 3 -bit value 
representing a particular target to be searched in a 
current ranging sequence; this value is supplied via 
the target signal line 450 (Figure 5) . 

Having described an exemplary embodiment of a 
target ranging device 200 for multiple target range 
finding, operation of this exemplary embodiment, 
including operation of the control circuitry 444 
(Figure 4) , will now be described with respect to 



the flow chart of Figures 7A-7D. As illustrated in 
Figure 7A # system operation begins with user- 
configuring of the system as represented by block 
700. The user specifies the maximum number of 
targets (MAXTGT) , the divide ratio of the clock 
divider (DIV) , the minimum count value (MINCNT) , the 
cascade/non-cascade mode (MODE) and, if desired, a 
user specified target to be searched (TGT) . 

An initialization of the system in block 702 
further includes initializing a target value to the 
first target which is to be searched. Where a 
specified target has been scared in the control 
register, the target value is initialized to 
correspond with the specified target. Otherwise, 
the target value is initialized to the first value 
stored in the look-up table 526 by clearing the 
select counter 522 (Figure 5) . A value representing 
the current number of targets which have been 
detected (CURRTGT) is initialized; the current 
target value is incremented as each target is 
detected until the current target value matches that 
of the target being searched. A value representing 
the number of targets which have been ranged 
(TGTRNGD)' is also initialized in block 702; for 
example, after the three targets described with 
respect to Figures LA- ID have been detected, the 
targets ranged value (TGTRNGD) is equal to 3. 

The data valid, ready and control ready 
handshaking signals (that is, DATAVALID, RDY and 
CNTL RDY) are also initialized. The data valid 
signal, which is supplied from the target ranging 
apparatus 300 to the processor 206 when valid 
ranging data has been obtained (that is, when a stop 
command has been generated and the carry-out signal 
is false), is initialized false. The ready signal, 
which is supplied from the target ranging apparatus 
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300 to the processor 206 when data is available at 
the output of the target ranging apparatus 300 (that 
is, when a stop command has been generated in 
response to, for example, detection of a target or 
generation of the carry-out signal from counter 
having the most significant bits of the counter 
output), is also initialized false. The control 
ready signal, which is supplied by the target 
ranging apparatus 300 to the processor 206 when a 
ranging sequence has been completed, is initialized 
true. When a start command for a ranging sequence 
is received, the control ready signal becomes false 
to prohibit the user from reconfiguring the system 
until the current ranging sequence has been 
completed. As illustrated in the block 702, the 
counter 406 and the data signal lines 226 (Figure 4) 
are also initialized to values of zero. 

In block 704, the target ranging device 200 
determines whether it has been configured to use its 
internal clock or whether an external clock has been 
supplied. If the clock select signal line has been 
set, the external clock is used as represented by 
block 706. If not, the internal clock is selected 
as represented by block 708. In accordance with 
exemplary embodiments, regardless of which clock is 
used, the clock signal is divided as represented by 
block 710 after which a target ranging operation is 
initiated in block 712. 

Before determining the range to each target of 
a ranging sequence, the target ranging device re- 
initializes the counter, the data signal lines, the 
ready signal and the data valid signal. Recall that 
these values were initialized in block 702 prior to 
initiation of a ranging sequence, such that they 
need not be re -initialized in block 714 prior to 
ranging the first target in a ranging sequence. 



-48- 



However, these values are re-initialized prior to 
ranging each subsequent target within the ranging 
sequence . Accordingly, once a target has been 
ranged, these values are re-initialized in block 
714. 

Before ranging each target, the user can be 
given the opportunity to reconfigure the target 
ranging device 200 as represented by the decision 
block 716. Alternately, the opportunity to 
reconfigure the target ranging device 200 can be 
restricted to the start of a ranging sequence by 
monitoring the control ready signal. If the user 
does wish to reconfigure the system and such an 
option is currently available, then operation 
returns to the configuration blocks 700 and 702. 

If the user does not choose to reconfigure the 
target ranging device 200, then the range finding 
device 200 awaits the input of a start command, 
represented by block 718, to initiate ranging of the 
first target in a ranging sequence. Once the start 
command has been received, the counter 4 06 begins 
counting as indicated in block 720. 

Referring now to Figure 7B, the counter 406 
continues to count as indicated by block 722. 
During this time, the control ready signal is 
maintained false to indicate to the external 
processor 206 that a ranging sequence is currently 
being performed such that the target ranging device 
200 can not be reconfigured. 

During the ranging of a given target, decision 
block 724 reflects monitoring of the counter 4 06 to 
ensure that its count exceeds the specified minimum 
count. The use of a minimum count provides noise 
filtering of spurious reflections close to the 
transmitter. 
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Once the count has exceeded the minimum count 
for a given ranging operation, flow continues to the 
decision block 726 wherein monitoring for the stop 
command is performed. If a stop command has been 
received, a decision block 728 is implemented to 
determine whether a cascade mode has been selected 
or not. Recall that the cascade mode is used to 
extend the range of the counter 406. Accordingly, 
the cascade mode must be examined to take any 
cascaded counters into account when determining 
whether the maximum count has been detected in block 
730. 

If the maximum count is detected in block 730, 
then the carry-out signal is supplied from the 
counter 406 (or from an external counter if in the 
cascade mode) , and operation of the counter is 
discontinued in block 732. An acknowledge operation 
represented by block 734 of Figure 2C is then 
performed . 

Returning to the decision block 726 of Figure 
7B, if a stop command is detected, then a decision 
block 736 examines whether the reflected pulse 
corresponds to the current target being searched. 
For example, if the current target being searched is 
the third target, and only a single reflected pulse 
has been received, then the current target value 
does not match the target value. The counter 406 
therefore remains enabled, the current target value 
is incremented in block 738, and operation returns 
to the input of decision block 726 to continue 
monitoring for a stop command. Note that with the 
exemplary embodiment of the stop enable block 500 in 
Figure 5, the stop command will not actually be 
generated until the current target value matches the 
value of the target being searched. 
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Once it is determined that the current target 
matches the target being searched, as represented in 
decision block 736, then the counter 406 is stopped 
in block 740 . Data in the counter 406 is then 
output to the external processor 206, and the ready 
signal and data valid signal flags are set. 
Operation then flows' to the acknowledge block 734 of 
Figure 7C. 

Referring to Figure 7C, the acknowledge 
operation constitutes a verification by the 
processor 206 (Figure 2) that valid data has been 
received. In decision block 742, the target ranging 
apparatus 300 examines whether the received signal 
line has set a flag to indicate that the external 
processor 206 received data. 

Once the ready signal has been set, the 
processor 206 examines the carry-out of the counter 
406 in block 744 to determine whether £ counter 
overflow occurred. If so, the counter 406 has not 
detected a target range, such that the ranging must 
be reinitiated. Accordingly, in block 746, the 
target value is set to 1 and the carry-out signal is 
reset to 0. Note that the current target value is 
set to 1 so that when ranging is reinitiated a 
search will be performed for the second target in 
the ranging sequence. The subsequent ranging is 
initiated via block 748. 

In contrast, if the carry-out is not detected 
in decision block 744, then a decision block 750 
N examines whether the number of targets ranged 

matches the maximum number of targets to be searched 
in the current ranging sequence. If not, the target 
ranged value is incremented in block 754, and the 
current target value reinitialized to 1. The 
current target to be searched in the ranging 
sequence is then incremented to the next value (for 
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example, by incrementing the select counter 522 of 
Figure 5), and ranging is reinitiated in block 748. 

On the contrary, if the last target ranged does 
correspond to the maximum target in decision block 
750, then the first ranging sequence is complete. 
In block 752, the variables associated with a 
ranging sequence are reinitialized so that a 
subsequent ranging sequence can be executed. As 
illustrated in block 752, the current target value 
is reset to l, the target value is set to the first 
value, the targets ranged value is set to its 
initial value and the control ready signal is set to 
indicate that the system can be reconfigured by the 
user if desired. A subsequent ranging sequence can 
then be initiated in block 752 if desired. 

Those skilled in the art will appreciate that 
the embodiment of a target ranging device 200 and 
associated operation, as illustrated in Figures 1-7, 
is by way of example only, and that any number of 
variations can be implemented. For example, any of 
the components described with respect to Figures 2-5 
can be combined in any desired manner to provide the 
functions associated therewith. The illustration of 
a processor separated from the target ranging 
apparatus is by way of example only. Further, 
cascaded counters for implementing the cascade mode 
need not be formed external to the target ranging 
apparatus . 

The control register 600 (Figure 6) can be 
formed as any known storage device, including any 
desired number of user specified variables. The 
exact variables selected for inclusion in the 
control register 600, and the number of bits 
selected for representing each control variable is 
by way of example only. For example, the control 
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register 600 can be modified to accommodate any 
number of specified targets. 

It will be appreciated by those skilled in the 
art that the present invention can be embodied in 
other specific forms without departing from the 
spirit or essential characteristics thereof. The 
presently disclosed embodiments are therefore 
considered in all respects to be illustrative and 
not restricted. The scope of the invention is 
indicated by the appended claims rather than the 
foregoing description and all changes that come 
within the meaning and range and equivalence thereof 
are intended to be embraced therein. 

4 . Brief Description of Drawings 

BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention can be further understood 
with reference to the following description and the 
appended drawings/ wherein like elements are 
provided with the same reference numerals. In the 
drawings : 

Figures 1A-1F illustrate exemplary timing 
diagrams showing reflected pulses from multiple 
targets in a field of view according to an exemplary 
embodiment of the present invention; 

Figure 2 illustrates a block diagram showing an 
exemplary embodiment of a range finding device in 
accordance with the present invention; 

Figure 3 illustrates a block diagram showing an 
exemplary embodiment of the apparatus for multiple 
target ranging shown in Figure 2; 

Figure 4 illustrates a block diagram showing am 
exemplary embodiment of circuitry included in the 
Figure 3 embodiment; 
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Figure S illustrates a block diagram showing an 
exemplary embodiment of the stop enable block in 
Figure 4 for disabling the counter; 

Figure 6 illustrates a block diagram showing an 
exemplary embodiment of the Figure 4 control 
register; and 

Figures 7A-7C illustrate a flow chart for 
exemplary operation of the target ranging device 
described with respect to Figures 1-6. 
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ABSTRACT OP THE DISCLOSURE 

The present invention is directed to a method 
and apparatus for detecting reflected pulses from 
multiple targets in a field of view such that range 
to each target can be detected with high resolution, 
even when the targets are located over a relatively 
wide measurement range. Exemplary embodiments of 
the present invention can provide real-time 
acquisition of ranging data, and can be implemented 
in a practical cost-effective manner suitable for 
reconfiguration. 

2 . Representative Drawing 
F i g. 2 
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